The sites of multiplication in the mouse central nervous system (CNS) of the virulent L10 strain of Semliki Forest virus (SFV) and the L10-SFV-derived demyelinating M9 mutant were determined using both BALB/c and SJL mouse strains. In situ hybridization (ISH), using a cRNA probe to an SFV non-structural sequence, and immunogold-silver staining (IGSS), using polyclonal anti-SFV rabbit IgG, were the techniques utilized. For L10-SFV, viral RNA and antigen were detected in neurons and glial cells of both mouse strains. For BALB/c mice infected with M9-SFV, both neuronal and glial cell infection was less extensive than that obtained with L10. ISH or IGSS were generally not sensitive enough to detect viral RNA and antigen, respectively, in M9-SFV-infected SJL mice. M9-SFV multiplied to a similar titre in primary cultures of glial cells derived from either BALB/c or SJL mice. Following infection with M9-SFV, small plaques of demyelination in the CNS and occasional small aggregates of mononuclear leukocytes in the leptomeninges persisted for up to 12 months in SJL mice but not BALB/c mice. This was not associated with detectable persistence of infectious virus, viral antigen or viral RNA in the CNS.
Introduction
Semliki Forest virus (SFV) infection of the murine central nervous system (CNS) has been extensively studied as a model for viral neuropathogenesis. Virulent strains of SFV, such as L10, cause lethal encephalitis following inoculation of mice irrespective of the route of infection (Bradish et al., 1971) . This lethality appears to be due to the ability of virulent strains to multiply rapidly in neurons, resulting in a lethal threshold of damage before the immune system intervenes (Atkins & Sheahan, 1982; Atkins, 1983; Gates et al., 1985) . Reduced neurovirulence, either in the case of SFV originally isolated in the wild such as A7 (McIntosh et al., 1961) , or of laboratory-derived mutants such as M9 (Barrett et al., 1980) , appears to be related to the reduced ability of these strains to multiply in neurons (Gates et al., 1985) . All strains of SFV have the ability to multiply in glial cells, including oligodendrocytes. It has been proposed that multiplication of SFV in oligodendrocytes causes release and presentation of myelin components to the immune system; in the case of non-lethal infection, survival of the majority of mice allows development of immune-mediated demyelination (Barrett et al., 1980; Atkins & Sheahan, 1982; Sheahan et al., 1983; Gates et al., 1984 Gates et al., , 1985 Atkins et al., 1990) . The humoral immune response has been demonstrated to be the most important element responsible for clearance of virus (Bradish et al., 1975 (Bradish et al., , 1979 Fleming, 1977; Suckling et al., 1982; Gates et al., 1984) , either by virus neutralization or by other antibody-dependent mechanisms (Fleming, 1977; Boere etal., 1983 Boere etal., , 1984 Boere etal., , 1985 Boere etal., , 1986a . Evidence suggests that demyelination is mediated by myelin-reactive T lymphocyte clones (Mokhtarian & Swoveland, 1987) , although it has also been proposed that demyelination could be mediated by antibodies directed against host-specific glycolipids (Webb & Fazakerley, 1984) .
Previous studies of the cell tropism of virulent and avirulent SFV have involved the use of neural cell cultures (Gates et al., 1985; Atkins et al., 1990) , or light and electron microscopy of infected mice (summarized in Atkins et al., 1985) . Here we confirm directly in the infected animal, through the use of nucleic acid and antibody probes, that the virulent L10 strain of SFV multiplies in both neurons and glial cells, and that the demyelinating M9 mutant multiplies in fewer neurons, but retains the capacity to multiply in glial cells. We also show that a proportion of SJL mice, but not BALB/c mice, infected with M9 develop persistent demyelination. The possible relationship of this finding to the known susceptibility of SJL mice to experimental allergic encephalomyelitis (EAE; Lando et al., 1980) is discussed.
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Methods
Virus. The growth of the L 10 strain of SFV and the M9 mutant from plaque-purified seed stocks, and the method of plaque assay using BHK cells, have been previously described (Atkins & Sheahan, 1982) . In infection experiments, mice were injected with 10 ~ p.f.u, in 0.5 ml of phosphate-buffered saline (PBS), given intraperitoneally (i.p.) at 39 to 41 days of age. For detection and assay of virus in the brain, 10% (w/v) clarified homogenates were prepared, and for blood 10% (v/v) suspensions were prepared (Barrett et al., 1980) . These were either plaque assayed, inoculated onto BHK cells or injected intracerebrally into neonatal mice. For detection using BHK cells, subconfluent (50%) monolayers in 75 cm 2 flasks were inoculated with the total clarified brain homogenate, adsorption was allowed for 1 h and the inoculum was then removed. The monolayers were then washed three times with warm (37 °C) PBS, the medium was replaced and the cells were incubated at 37 °C in a 5 % CO2 humidified atmosphere until confluent. The cells were then split 1/5 and regrown to confluence. The development of a c.p.e, indicated the presence of virus in the original brain sample. Neonatal mice were injected intracerebrally with 0.02 ml of clarified brain homogenate.
Mice. The inbred BALB/c and SJL mouse strains were originally obtained from Olac and infected mice were housed in a containment facility away from breeding colonies. Mice were prepared for examination by light and electron microscopy by perfusion via the left ventricle (Sheahan et al., 1981) . Glial cells were prepared from neonatal mouse brain as described by Gates et al. (1985) .
In situ hybridization (1SH) and immunogold-silver staining ( IG SS). Mice were perfused via the left ventricle for 30 min with 300 ml of fixative containing 0.5 % glutaraldehyde, 0.5 % paraformaldehyde, 1% dimethylsulphoxide, 0.002% CaCI2, 1-4% glucose in 0.1 M-phosphate buffer pH 7.4. The brains and spinal cords were then removed and the aldehydes quenched by immersion in 0.153 M-ethanolamine pH 7.4, followed by 0.153 M-ethanolamine pH 8.6. This method of fixation was chosen to ensure maximum preservation of antigenicity (Morris & Barber, 1983) . Coronal slices were cut from the brain and spinal cord as previously described (Sheahan et al., 1981) and embedded in paraffin wax. Serial sections were used for haematoxylin and eosin staining, ISH and IGSS. The methods for ISH, using a riboprobe derived from an SFV non-structural sequence (Mabruk et al., 1989) , and IGSS, using SFV-specific IgG (Mabruk et al., 1988) , previously described for foetuses, were used for CNS sections. ISH with a radioactive probe, as carried out in this study, results in the presence of black silver granules over infected cells, whereas IGSS results in yellow, brown or black staining (Holgate et al., 1983; Springall et al., 1984) .
Results
Multiplication of the LIO and M9 strains of SFV in BALB/c and SJL mice
The extent to which L10-and M9-SFV multiply in the brains of BALB/c and SJL mice was compared on the basis of infectious virus production. Following i.p. inoculation with either L10-or M9-SFV, groups of three randomly selected BALB/c or SJL mice were killed at 3 and 4 days post-infection (p.i.) for L10-SFV-infected mice, and 2, 3, 5, 6, 7 and 14 days p.i. for M9-SFVinfected mice. These time points were based on previous results for virus multiplication in BALB/c mice Gates et al., 1985) . Brain and blood samples (11) mice. Cultures were prepared in 35 mm 2 dishes as described by Gates et al. (1985) and contained 106 cells per dish. Cultures were infected at a multiplicity of 10 -2 p.f.u./ceU. Supernatant fluids from three separate cultures were pooled at each time-point. were assayed for infectious virus and the results are presented in Table 1 . The initial viraemia following i.p. infection was similar in titre and duration in both mouse strains, as was the multiplication of the L 10 strain in the brain, resulting in death of all infected mice after 4 days p.i. For M9-SFV, viraemia was similar for both mouse strains, as was multiplication in the brain up to 5 days p.i. However, the peak titre reached in the brain at 6 days p.i. was 100-fold greater for BALB/c compared to SJL mice (Table 1) .
The multiplication of M9-SFV in glial cells prepared from BALB/c and SJL mice was also tested following infection at a multiplicity of 10 -z p.f.u./cell. As shown in Fig. 1 , multiplication was similar in glial cells derived from either mouse strain. 
Histopathology of S F V infection
The histopathological changes at the light microscopy level in the CNS of six L10-SFV-infected BALB/c and six SJL mice were as originally described by Barrett et al. (1980) . At 3 days p.i. occasional neutrophils were observed in the leptomeninges, choroid plexuses, neuropil and perivascular spaces. At 4 days p.i. the numbers of infiltrating leukoeytes had increased and perivascular cuffing was more intense. Neuronal necrosis, neutrophilic neuronophagia and deposits of cell debris were prominent. Focal areas of spongiform degeneration were common. No difference could be detected in the pathology of L10 infection between BALB/c and SJL mice.
The histopathology of M9-SFV-infection of the CNS of BALB/c mice was as described by Atkins & Sheahan (1982) and Sheahan et al. (1983) . Groups of three mice were killed at 3, 5, 6, 7 and 14 days p.i. and groups of four mice at 4 and 6 months p.i. At 3 and 5 clays p.i. brains and spinal cords of all mice appeared normal by light microscopy. At 6 days p.i. aggregates of mononuclear leukocytes were present in leptomeninges and focal areas of spongiform degeneration were present in the grey and white matter of both the spinal cord and the brain. Leukocytic infiltration was more intense at 7 days p.i. and was maximal at 14 days p.i. All mice examined at 4 and 6 months p.i. appeared normal as did mice inoculated with PBS only.
Groups of three M9-SFV-infected SJL mice were killed at 3, 5, 6, 7 and 14 days p.i. and CNS sections examined by light microscopy. Twelve mice were also examined at 4 months p.i. and 11 at 6 months p.i. Of the three mice killed at 3 days p.i., one had small aggregates of mononuclear leukocytes in the white matter of the spinal cord. By 5 days p.i., mononuclear leukocytes were present as small aggregates in the leptomeninges and as dense aggregates in the white matter of the spinal cord, particularly around blood vessels. At this stage brain lesions were confined to occasional mononuclear leukocytes in the neuropil. At 6 and 7 days p.i., leukocytic infiltration was intense and focal areas of spongiform degeneration were prominent in the grey and white matter of both the brain and spinal cord. Leukocytic infiltrates were still prominent in brain and spinal cord at 14 days p.i. but appeared to be less numerous than those at 7 days p.i. Of the 12 mice sacrificed at 4 months p.i., six showed occasional subpial and perivascular mononu, clear leukocytes; of the 11 mice sacrificed at 6 months p.i., seven showed mononuclear leukocytes in similar locations. An example (taken from a separate experiment at 9 months p.i., see below) is shown in Fig. 2 . Mock-infected mice showed no histological lesions.
CNS tissue examined in these experiments was fixed and embedded using a method appropriate to IGSS ( Morris & Barber, 1983) . Areas of spongiform degeneration were seen in BALB/c and SJL mice injected with M9-SFV, but these lesions could not be assessed further because of variable preservation of myelin using this method. Myelin damage is better assessed in glutaraldehyde-fixed, resin-embedded tissues; such an assessment was carried out in separate experiments described below.
In situ hybridization.
For each time-point up to 14 days p.i. in the experiments described above for histopathology, two samples were selected and serial sections cut for ISH and IGSS (see below). The samples chosen were those showing the most severe pathological changes. At 4 and 6 months p.i., two BALB/c and four SJL M9-SFV-infected mice were examined. Control mice (i.e. given PBS only) of both strains were also examined at 4 and 6 months p.i.
For L10-infected mice, results were similar for BALB/c and SJL mice. Viral RNA was detected in the cytoplasm of neurons and glial cells at all levels of the brain and spinal cord at 3 and 4 days p.i., but both the number of infected cells and the numbers of autoradiographic grains were greater at 4 days p.i. Infected neurons appeared normal in some areas, but in other areas were obviously necrotic and were associated with leukocytes. Autoradiographic grains were also present over dendritic and axonal projections ( Fig. 3a ). Linear arrays of autoradiographic grains that were not connected to cell bodies were also observed. Aggregates of putative oligodendrocytes in both grey and white matter at all levels of the brain and spinal cord were positive for viral RNA. A weak hybridization signal was present over ependymal cells in the choroid plexuses and lining the ventricular spaces (Fig. 3b) .
Although the CNS of M9-SFV-infected BALB/c mice was examined by ISH at 3, 5, 6, 7 and 14 days p.i., and at 4 and 6 months p.i., virus-specific R N A was detected at 6 days p.i. only. Autoradiographic grains were observed over the cytoplasm of putative oligodendrocytes and a few neurons but the number of positive cells was fewer than in mice infected with L10-SFV. Those few neurons which were positiv e for virus-specific R N A otherwise appeared normal and were located in the ventral grey matter of the spinal cord and in the mid-brain. Putative oligodendrocytes containing M9-SFV-specific R N A were located in the grey and white matter of both spinal cord and brain, and occurred in groups and as isolated cells. Infected cells were prominent in areas of spongiform degeneration (Fig. 3c ). Some RNA-positive cells were observed near perivascular cuffs. Areas of leukocytic infiltration that were not associated with detectable amounts of viral R N A were present in both brain and spinal cord. Tissue from mock-infected mice gave no signal when subjected to ISH using the SFV-specific riboprobe. Virus-specific RNA was not detectable by ISH, at its present sensitivity, in the CNS of M9-SFVinfected SJL mice at any of the time-points examined.
Immunogold-silver staining
Results for L10-SFV-infected BALB/c and SJL mice were similar. Neurons and putative oligodendrocytes harbouring virus-specific antigen were observed at all levels of the CNS of mice examined at 3 and 4 days p.i. Viral antigen was present in the cytoplasm of infected neurons and extending along axonal and dendritic processes. Some infected neurons appeared normal but others, particularly in areas of spongiform degeneration, had a contracted appearance (Fig. 4a, b ). Also present were many discrete deposits of silver precipitate; at least a proportion of these appeared to be antigen-positive axons and dendrites perpendicular to the plane of section (Fig. 4a ). Putative oligodendrocytes that were positive for viral antigen were most prominent in areas of spongiform degeneration (Fig. 4b) .
Virus-specific antigen was detected in the brain but not the spinal cord of M9-SFV-infected BALB/c mice at 6 days p.i., but not at any other time p.i. Neurons and putative oligodendrocytes were positive for viral antigen but in both cases the numbers of positive cells were few. Neurons containing viral antigen appeared normal and were seen only in the mid-brain. Infected cells, cell processes and discrete deposits of virus-specific antigen were closely associated with areas of spongiform degeneration ( Fig. 4c ). Many areas of spongiform degeneration showed no virus-specific antigen. SJL mice infected with M9-SFV were consistently negative by IGSS, except for one mouse at 5 days p.i. which showed viral antigen in the cytoplasm of a few putative oligodendrocytes in the mid-brain. Anti-SFV IgG gave negative" results for IGSS on all mock-infected samples tested; preimmune IgG did not react with SFVinfected samples.
Assessment of long-term myelin damage and virus persistence
M9-SFV was used to infect 203 SJL and 226 BALB/c mice. At monthly intervals up to 6 months, three BALB/c and three SJL mice were killed for microscopic examin-ation of the CNS, and virus isolations were attempted by plaque assay from a further three mice of each strain. At 6 months p.i. all male mice were culled but 59 BALB/c and 48 SJL female mice were retained for continuing pathological examination up to 1 year p.i. Groups of 20 BALB/c and SJL mice were inoculated with PBS only as controls; nine BALB/c and 11 SJL females were retained after 6 months. No mortality or clinical signs occurred in these control mice. For infected mice, clinical signs, including paralysis, occurred in 12.8 % of SJL and 17.3 % of BALB/c mice during the acute infection (up to 1 month p.i.); the mortality at this stage was 20.2% for SJL and 17.7% for BALB/c mice. After 2 months p.i., seven SJL but no BALB/c mice died (Table 2 ). In the period between 8 and 11 months p.i., five SJL and two BALB/c mice showed malignant lymphomas and were culled. This is consistent with the expected 'incidence of neoplasms in these mouse strains (Harkness & Wagner, 1983) ; these mice were not included in further analysis of pathology or mortality.
Attempts were also made to detect infectious virus in 10% clarified brain homogenates both by plaque assay For BALB/c mice, lesions were present in all three mice killed I month and in two of the three mice killed 2 months p.i. The morphology of these lesions was as previously described (Sheahan et al., 1983) . The only lesions seen in mice killed between 3 and 12 months p.i. were deposits of myelin debris in the spinal cords and occasional mononuclear leukocytes in the leptomeninges of some animals. For SJL mice, lesions were present in two of the three mice killed at both 1 and 2 months p.i. which were similar to those present in BALB/c mice. Of the 30 SJL mice examined between 3 and 12 months p.i., 10 showed occasional small plaques of naked and remyelinating axons in the subpial white matter of the spinal cord (Table 2, Fig. 5 ). Most of these plaques were adjacent to nerve roots. In the plaques, axons with thinner than normal myelin sheaths and naked axons were closely associated with oligodendrocytes, and adjoined axons with myelin sheaths of normal thickness which had been remyelinated by Schwann cells (Fig. 6a ). Various stages of oligodendrocyte remyelination were present, from the surrounding of/txons by cytoplasmic processes to compaction of the lamellae into myelin. Oligodendrocytes in areas of remyelination commonly had extensive cytoplasm with prominent Golgi complexes. Astrocyte processes were more numerous in these Fig. 5 . Remyelinating plaque in the subpial white matter of the spinal cord of an SJL mouse, 5 months p.i. with M9-SFV. Axons with thinner than normal myelin sheaths adjoin axons with myelin sheaths of normal thickness remyelinated by Schwann cells (arrowheads). Bar marker represents 6 ~tm. plaques than in normal areas (Fig. 6b ). Occasional small aggregates of mononuclear leukocytes and macrophages with myelin debris were present in perivascular spaces in the leptomeninges (Fig. 2) .
In order to determine whether long-term myelin damage in M9-SFV-infected SJL mice was associated with persistence of infectious virus, the CNS of individual mice was examined on the basis of both these parameters. Twenty female SJL mice were inoculated with M9-SFV. In the period up to 2 months p.i., four of these died and two more died between 2 and 6 months p.i. At 6 months p.i., nine of the mice were anaesthetized with ether and then ligatured at the neck. The head was removed and the brain used for attempts at virus isolation; the spinal cord was prepared for pathological examination. The clarified brain homogenate was inoculated onto a monolayer of BHK cells and the cells were passaged when confluent. Reconstruction experiments showed that the limit of detectability of this method was about 1 p.f.u. ; this inoculum gave an easily detectable c.p.e, after cell passage. None of the nine mice examined showed the presence of infectious virus in the brain, but four of these showed small plaques of demyelination in the spinal cord, as described above.
Discussion
It has been confirmed in this study that L10-SFV is tropic for neurons and glial cells in both BALB/c and SJL mice and appears to multiply to the same extent throughout the CNS of both these mouse strains, on the basis of infectious virus production as determined by plaque assay and the amount and location of viral RNA and antigen. M9-SFV-specific RNA and antigen were also located in neurons and glial cells, but the numbers of cells infected and the relative amounts of signal over cells were less than those obtained with L10.
The results obtained in this study for BALB/c mice support the cell culture results of Gates et al. (1985) and Atkins et al. (1990) . These authors concluded that M9-SFV had reduced ability to multiply in neurons in comparison to the parent virus, L10-SFV. However, it appears from the present study that although M9-SFV had lost the ability to multiply in most neurons, it retained the ability to multiply in a few, such as some neurons in the ventral grey matter of the spinal cord and in the mid-brain. Multiplication of M9-SFV in these neurons was not associated with morphological change, as assessed by light-microscopy. There appeared to be some restriction of virus multiplication in spinal cord neurons; virus-specific RNA was detected by ISH but virus-specific protein could not be detected by IGSS. That these neurons were negative for virus-specific antigen could be explained by defective protein synthesis resulting in levels that were below the detection limits of the IGSS technique. It appears, therefore, that although M9-SFV does multiply in a few neurons, multiplication is restricted in these neurons and neuronal damage remains below a lethal threshold, as originally postulated by Gates et al. (1985) .
It was observed that infection of glial cells occurs to a lesser extent in M9-SFV-infected BALB/c mice than in L10-SFV-infected BALB/c mice. Gates et al. (1985) and Atkins et al. (1990) have shown that, in primary mixed glial cell culture, M9-and L10-SFV multiply to the same extent, both on the basis of infectious virus production and total RNA synthesis. This difference between the in vivo and in vitro situations may be explained by considering transport of M9-and L10-SFV within the CNS. In this study, L10-SFV-specific RNA and protein were detected not only in the soma of infected neurons but also along dendritic processes and axons. Therefore the ability of virulent SFV to multiply in neurons may contribute to its virulence by allowing dissemination within the CNS along nerve processes, resulting in rapid access to target cells far removed from the site of entry into the CNS. It is possible that diffusion of virus through intercellular spaces also occurs. Conversely, in the case of avirulent SFV (e.g. A7-and M9-SFV), the loss of tropism for neurons would also result in slower propagation of virus throughout the CNS, perhaps mainly by diffusion, so that access to susceptible cell populations (i.e. mainly glial cells) would be restricted. In effect, loss of tropism for neurons could act as a barrier to the spread of virus through the CNS. Kaluza et al. (1987) demonstrated viral antigen along neural tracts within the brain following subcutaneous inoculation of virulent SFV. Viral RNA was also detected in the present study in ependymal cells, suggesting that SFV may also be transported in cerebrospinal fluid.
Attempts to identify the route of entry of SFV into the CNS have provided evidence for both neurogenic and haematogenous routes. Mims (1964) suggested that togaviruses are transported into the CNS via the haematogenous route. Pathak & Webb (1974) provided evidence of this by demonstrating virus particles in the process of being transported, apparently by pinocytosis, across vascular endothelial cells into the CNS following peripheral inoculation. Dropulic & Masters (1990) have shown that both virulent and avirulent strains of SFV can multiply in vascular endothelial ceils. However, Kaluza et al. (1987) could not detect virus-specific antigen in vascular endothelial cells following intranasal inoculation, but did detect antigen along nerve tracts extending from the olfactory bulbs to the brain. In the present study, foci of viral RNA and viral antigenpositive cells were seen near blood vessels following infection with L10-and M9-SFV, but neither virusspecific RNA nor antigen was detected in vascular endothelial cells. This may be because infected mice were sampled after viraemia had disappeared, or because virus-specific products were present in vascular endothelial cells at concentrations too low to be detected by either of the techniques applied. Therefore, although entry of SFV into the CNS after peripheral inoculation may be via the haematogenous route, spread within the CNS, at least in the case of virulent SFV, may be greatly facilitated by intraaxonal transport, thus contributing to lethality.
In the case of M9-SFV-infected BALB/c mice, foci of viral antigen-and viral RNA-containing glial cells were located in areas of myelin vacuolation, and virus-specific antigen was detected along what appeared to be disintegrating myelin lamellae, indicating that at least a proportion of infected glial cells were oligodendrocytes. Although, in the case of M9-SFV-infected BALB/c mice, regions of intense leukocytic infiltration were present in sections positive for viral RNA and antigen, they were not always associated with foci of infected cells. This is consistent with our suggestion that immune-mediated demyelination induced by avirulent SFV is triggered by the infection of oligodendrocytes but is mediated by myelin-reactive leukocytes and is not directed specifically against viral antigens (Atkins et al., 1990) . Further evidence that anti-SFV and anti-myelin immunity is directed against distinct and separate antigenic determinants is that SFV does not show significant amino acid sequence similarity to myelin basic protein, proteolipid protein or myelin-associated glycoprotein (E. Daly & G. Atkins, unpublished results).
SJL mice were chosen for this study because of their known susceptibility to EAE, whereas BALB/c mice are only rendered susceptible following immune supression (Lando et al., 1980) . M9-SFV differs in its ability to multiply in BALB/c and SJL mice, although there appears to be no difference in the ability of L10-SFV to multiply in these strains of mouse. The peak infectious virus titre of M9-SFV in the brains of SJL mice was found to be approximately 100-fold lower than that obtained for BALB/c mice; this appeared to be reflected in the negative results obtained with ISH and IGSS for SJL mice. Since M9-SFV multiplies to the same extent in glial cells derived from both mouse strains, initial viraemia following infection is equivalent in both mouse strains and initial multiplication in the CNS is the same in both mouse strains, it is probable that the difference between the two strains is in the immune reaction to virus infection, which appears to clear virus more efficiently in SJL mice.
Further differences in the reaction of BALB/c and SJL mice to M9-SFV infection are that small perivascular and subpial accumulations of mononuclear leukocytes were observed in the CNS of 30 to 50~ of M9-SFVinfected SJL mice up to 1 year after infection, and sometimes occurred in association with hind-limb paralysis. Also, 30~ of M9-SFV-infected SJL mice observed up to 1 year p.i. displayed small plaques of demyelination in the spinal cord. Neither infectious virus, virus-specific RNA nor virus-specific antigen were detected in CNS tissue at these time-points. The use of a full-length RNA probe for SFV (P. Liljestr6m et al., unpublished results) may increase the sensitivity of the in situ hybridization described here because it would detect 26S as well as 42S RNA. The possibility that a persistent anti-myelin immune reaction occurred in these SJL mice remains to be further investigated.
Some evidence supporting the hypothesis that a neurotropic alphavirus may be capable of inducing encephalomyelitis in SJL mice via an autoimmune reaction comes from the work of Mokhtarian et al. (1989) . It has been demonstrated by this group that a non-neuroadapted strain of Sindbis virus, which is usually associated with a mild encephalitis, causes a severe and occasionally fatal encephalomyelitis with hind-limb paralysis in SJL mice which is associated with autoimmunity to myelin and appears to be an EAE-like disease.
Further investigation of the long term effects of M9-SFV-infection of SJL mice is of importance, particularly with reference to human demyelinating disease such as multiple sclerosis. The availability of an infectious clone of a virulent strain of SFV (P. Liljestr6m et al., unpublished results) should enable the genetic control of SFV pathogenicity to be defined at the molecular level.
